Texture segmentation is usually regarded as a fast, early, automatic, preattentive process. Nevertheless, naive participants in texture segmentation tasks are usually not able to perform the task explicitly when the textures are presented rather briefly (49 ms) and subsequently masked. In two experiments it was investigated whether texture stimuli were, nevertheless, automatically segmented under these conditions. By using a priming paradigm, the processing of the texture stimuli was measured indirectly via their influence on a subsequently presented imperative stimulus. Priming effects were found for experienced and naive participants, although novices could not respond overtly to the textures in a subsequent forced-choice task. Although textures influenced subsequent stimulus processing, an analysis of the simultaneously recorded lateralized readiness potential (LRP) showed that they did not cause automatic response activation. The existence of priming effects of textures without participants' ability to overtly respond to them can be regarded as evidence for the automatic segmentation of texture stimuli.
Introduction
Texture segmentation characterizes the ability to detect an irregularity within an otherwise regular field. In texture segmentation tasks, large displays are presented that consist of either the same texture elements only (e.g., line elements with a certain orientation) or contain a small region of different texture elements (e.g., line elements with a different orientation) embedded within the larger, homogeneous region. Participants in texture segmentation tasks are usually asked to discriminate between these two cases in a two-choice response task. Under some circumstances, the detection of an embedded irregularity occurs effortless and preattentively; the discontinuity seems to 'pop-out' from the homogeneous background (Julesz, 1981; Nothdurft, 1991; Wolfe, 1992) . Nevertheless, naive participants (so-called texture segmentation 'novices') are not capable of responding correctly to the texture stimuli at the beginning of a texture segmentation experiment where textures are presented only briefly (30-50 ms) and are subsequently masked. Only after they had performed the task for a while (Schubö , Schlaghecken et al., 2001; Shiu & Pashler, 1992) or were made familiar with the texture stimuli by prior presentation (Ahissar & Hochstein, 1997) or practice (Karni & Sagi, 1991) are they also able to perform the task under these restricted experimental conditions (i.e., with short presentation and subsequent masking). Why texture segmentation has to be practiced in such a situation, although it is assumed to be a spontaneous, preattentive, and automatic 1 process and what exactly needs to be 'learned' at the beginning of texture segmentation experiments, is still under debate.
Recent studies Schubö , Schlaghecken et al., 2001) suggested that texture segmentation is indeed a rather automatically occurring process; however, the outcome of the segmentation process might not initially be accessible to overt behavior, that is, participants may not be able to represent the segmented texture in such a way that an overt response (e.g., a button press or a verbal response) could be coupled to it. It might be that participants have to 'learn' to access the outcome of the segmentation process (e.g., by allocating processing capacities to the segmented texture, or by storing and/or retrieving it from working memory) before they can overtly respond to it. According to this consideration, subsequent processing of the texture stimuli may be hindered by the short presentation and the subsequent mask-the segmentation of the texture, however, may have been performed automatically.
Priming effects might help to deliver evidence in favor of the automaticity of the segmentation process, because they indicate the processing of a stimulus indirectly by means of its influence on subsequent processes. In a typical priming task (e.g., Dehaene et al., 1998; Eimer & Schlaghecken, 1998; Klotz & Neumann, 1999; Leuthold & Kopp, 1998; Vorberg, Mattler, Heinecke, Schmidt, & Schwarzbach, 2003) , briefly presented, masked primes are followed by imperative stimuli that require a two-choice response. Primes were found to influence subsequent stimulus processing although participants could not respond overtly to them in a forced-choice task: reactions were found to be faster and less error-prone when prime and imperative stimulus indicated the same response ('congruent' trials), while they were slower and more errors were made when prime and imperative stimulus indicated opposite responses ('incongruent' trials) .
Interestingly, depending on temporal and spatial parameters, also opposite priming effects (i.e., an advantage for incongruent trials) were observed (e.g., Eimer, 1999; Eimer & Schlaghecken, 1998; Klapp & Hinkley, 2002; overview in Eimer & Schlaghecken, 2003) . Some authors interpreted inverse priming effects as a self-inhibitory process usually following a prime's activation (e.g., Klapp & Hinkley, 2002) , the exact nature of inverse priming, however, is still under debate (e.g., Lleras & Enns, 2004; Verleger, Jaskowski, Aydemir, van der Lubbe, & Groen, 2004) .
For the purpose of the present paper, it suffices to state that priming effects show that stimuli, to which participants cannot respond overtly, e.g., in a forced-choice task, are nevertheless processed by the human system and can influence other processes, such as visual recognition (Bar & Biederman, 1998; Bar & Biederman, 1999) , object perception (Scharlau, Ansorge, & Horstmann, 2006) , categorization (Reynvoet, Gevers, & Caessens, 2005) or the activation of a motor response (Dehaene et al., 1998; Eimer & Schlaghecken, 1998) . In the present paper, we want to follow the logic of priming effects and utilize them to investigate the spontaneous and automatic nature of texture segmentation.
The priming task might help because it allows to measure the processing of textures indirectly, namely by their influence on subsequent processes. It might be possible to find priming effects also when texture stimuli function as primes, indicating that texture segmentation had taken place although the result of the segmentation process could not be reported. This is the aim of the present study.
Consider the experimental paradigm shown in Fig. 1 . Texture stimuli were presented briefly and subsequently masked. Following the mask, an imperative, that is, response relevant stimulus was presented. Participants had to react by pressing one of two alternative response buttons. Reaction times and errors were recorded and analyzed in relation to the imperative stimulus and the preceding texture type. The texture primes contained a horizontally or vertically oriented target patch. Analogously, imperative stimuli consisted of horizontally or vertically arranged elements. Textures and imperative stimuli could thus be congruent according to the orientation of the target patch and the arrangement of the elements (that is, texture target patch and imperative stimulus could both be horizontally or both be vertically arranged) or they could be incongruent (that is, either one is vertically arranged while the other is horizontally arranged). If the textures influenced the processing of the imperative stimulus, e.g., by facilitating responses to stimuli with a similar orientation and/or impairing responses to stimuli with a different orientation, one could conclude that the textures had indeed been segmented.
Experiment 1: Can textures function as primes?
Before the automaticity of texture segmentation can be studied, we have to establish the textures as primes, i.e., make sure that texture stimuli can indeed have an influence on the processing of subsequently presented stimuli. One possibility would be to present the textures long enough to guarantee their segmentation. However, we decided to let experts (participants with a long and intensive practice in texture segmentation) perform the task to investigate whether textures can in principle cause priming effects. Therefore, we ran two groups of participants in the present 1 The term 'automatic' was used in the literature to indicate processing that is fast, spontaneous, may take place without being intended, does not need conscious control and may also happen independent of an observers' available attentional resources (e.g., Posner & Snyder, 1975; Shiffrin & Schneider, 1977; however, see also Neumann, 1984) . Although we agree on the above definition, we cannot address all its criteria in the present paper. We therefore use the term mainly to stress the spontaneity of texture segmentation, that is, its independence of the observer's intentional control and the fact that attention needs not explicitly be directed to the segmentation task.
experiment. In the expert group, only individuals who were already familiar with texture segmentation tasks took part. As participants in this group had a long 'training phase' over several previous experiments, they were considered a control group guaranteeing that the texture stimuli were processed and thus allowing possible priming effects to occur. Only if the expert group showed priming effects with texture stimuli we could assume that textures can function as primes.
In the novice group, participants who never had taken part in a texture segmentation experiment before performed the very same task. This group was run in order to find out whether textures would also generate priming effects when participants, who are usually not able to overtly respond to them, performed the task. If so, the priming effects would indicate that the textures were segmented although participants would not have had access to the result of the segmentation process. Thus, both participant groups performed the same experimental conditions, any performance differences between them may be attributed to their different degree of experience on texture segmentation.
To mask the briefly presented texture stimuli, that is, to cause those experimental conditions under which novices usually are not able to respond to texture stimuli in a 'classical' segmentation experiment, so-called scrambled pattern masks were used. There has been some debate on the question to what extent different types of backward masks traditionally used in priming experiments influenced the priming effects observed. Some authors claimed that masks may not 'mask' the prime properly when they consist of similar elements as the primes themselves (e.g., Lleras & Enns, 2004; Verleger et al., 2004) . For example, they may cause integration between prime and mask features leading to a representation containing both prime and mask elements. In such cases, 'priming' effects cannot unambiguously be attributed to the prime but may have also been caused by the mask or by the integrated representation of both the mask and the prime. Scrambled pattern masks used in the present experiment avoid such problems as they were generated from features different from the primes. Moreover, scrambled pattern masks were found to disrupt the ongoing processing stream and thereby prevent any integration effects that may occur over the primemask time interval (see Schubö , Schlaghecken et al., 2001 , for a more detailed discussion). With such a mask, unpracticed participants could not overtly respond to textures even after 2400 learning trials, while experts-contrary to novices-had no problems in performing the texture segmentation task (Schubö , Schlaghecken et al., 2001 ). Nevertheless, we assume that also novices are able to segment the textures, although they are not able to overtly respond to them. If so, textures should cause priming effects for both experts and novices, although only experts may be able to respond to the textures in a forced-choice detection task.
Method

Participants
Two groups of participants took part in the present experiment; participants were assigned to the groups according to their prior experience in texture segmentation. The 'expert' group consisted of nine volunteers (5 male), aged 20-37 years (mean age: 27.3 years), seven were righthanded, two were left-handed, all had taken part in several texture segmentation experiments before. The 'novice' group consisted of 13 volunteers (4 male), aged 22-32 years (mean age: 24.3 years), 11 were right-handed, two were lefthanded, none of them had taken part in texture segmentation experiments before. All 22 participants had normal or corrected-to-normal vision: before starting the experiment visual acuity was tested with a Rodenstock R12 Vision tester (stimuli no. 112).
Priming Paradigm
Fixation
Texture Prime Mask Imperative Stimulus 700 ms 49 ms 83 ms 100 ms or or . Fig. 1 . Priming task with textures as masked primes. Texture stimuli always contained a centrally presented target patch, arranged horizontally or vertically with equal probability. Imperative stimuli consisted of horizontally or vertically arranged X-like elements. In congruent trials, the target patch in the texture had the same orientation as the imperative stimuli (either both horizontally or both vertically), in incongruent trials their orientation differed.
Stimuli and apparatus
Texture stimuli consisted of a matrix of 31 · 21 elements, subtending a visual angle of 13°· 9°. Elements were oblique lines, tilted 45°to the right or left, respectively. Lines were approximately 0.7°in length and approximately 0.1°in width. Distance between adjacent lines was approximately 0.6°horizontally and vertically (measured from center to center). A jitter was imposed on the texture stimuli such that each element was randomly displaced by 0°or by ±0.1°horizontally or vertically. Each texture contained a row of three elements ('target patch') that were tilted into the direction opposite to the surrounding elements ('context'). The target patch elements were arranged either horizontally, one next to the other, or vertically, one above the other, thus forming either a horizontal or a vertical line. The target patch was always centered at fixation (Fig. 1) .
Masking stimuli were constructed by randomly superimposing dots, leftward-tilted, rightward-tilted, horizontal and vertical line segments upon one another (scrambled pattern mask), forming also a matrix of 31 · 21 elements that subtended the visual angle as the texture stimulus and covered the complete texture prime.
The imperative stimuli consisted of three X-like elements, each generated by superimposing a leftward-tilted line upon a rightward-tilted line, together subtending a visual angle of approximately 0.4°· 0.4°. Lines were of same size as for the texture stimuli. Like the target patch in the texture stimuli, the three X-like elements were arranged either horizontally or vertically, spacing between adjacent elements was the same as in the texture. Finally, a fixation point (subtending a visual angle of approximately 0.1°· 0.1°) was presented at the beginning of each trial. Stimuli were presented on a 17 00 low-emission computer screen and appeared in black on a light-gray background (luminance about 37 cd/m 2 ).
Procedure
Participants were seated in a comfortable chair in a dimly lit, sound-attenuated chamber, with response buttons under their left and right index finger. A computer screen was placed 100 cm in front of the participant's eyes, carefully positioned so that the stimuli occurred in the center of the participant's horizontal straight-ahead line of sight.
The experiment consisted of one training block and 18 experimental blocks, a session lasted about 90 min. Each experimental block consisted of 120 trials (the training block of 32 trials), which began with the presentation of the fixation point, that (after 700 ms) was replaced by a texture stimulus ('prime'). In half of the trials, a texture containing a vertical target patch was presented as prime, in the other half, a texture containing a horizontal target patch was presented. Primes composed of leftward-tilted or rightward-tilted context elements were presented with equal probability. After 49 ms the prime was replaced by the mask, presented for 83 ms, which in turn was replaced by the imperative stimulus, presented for 100 ms. In half of the trials, a vertical line was presented as imperative stimulus, in the other half, a horizontal line was presented. Inter trial interval was 800 ms.
Participants had to respond with a right button press in case the imperative stimulus was oriented vertically, and with a left button press in case it was oriented horizontally; response assignment was balanced across participants. Trials where target patch and imperative stimulus both had the same orientation were termed 'congruent,' and trials where target patch and imperative stimulus had different orientations were termed 'incongruent.' Congruent and incongruent trials appeared with equal probability throughout the experiment and were randomly intermixed within blocks. Participants were requested to maintain central eye fixation and to respond as quickly and accurately as possible. There was a short break of approximately 10 s after every 16 trials, where the computer randomly generated a new mask pattern. After the 6th and the 12th experimental block, a longer rest period (5 min) was provided where participants could leave the experimental chamber. At the end of each block, participants were informed about their mean reaction times and number of errors.
To test whether the texture primes were perceived by the participants, a forced-choice performance block was run at the end of the experiment. On 75% of the trials, a texture was presented for 83, 66, or 49 ms and subsequently masked for 83 ms. On 25% of the trials, no texture was presented before the mask. One hundred and sixty trials had to be performed, 120 trials (75%) consisted of texture and mask (83, 66 or 49 ms condition, each with a probability of 25%), 40 trials (25%) consisted of the mask only (no texture); the order of trials was randomized. Participants were informed that a texture was presented in 75% of all trials, and were instructed to respond with a right button press when they had detected a texture and with a left button press otherwise.
Data analysis
Mean RTs and errors were determined for congruent and incongruent trials. As a first data analysis showed that the type of imperative stimulus had no effects on performance, it was not taken into further analysis. Instead, paired t-tests were conducted separately for errors and RT data and both participant groups to reveal differences between congruent and incongruent trials. To compare performance of novices and experts directly, additional ANOVAs with congruency as within-factor and participant group as between-factor were run on response times and error rates.
Performance in the forced-choice blocks was also analyzed separately for both participant groups and for each of the three presentation times and for trials without a texture, and compared to chance level (set to 0.5 for each condition).
Results
Mean reaction times and mean error rates in the priming task are shown in Fig. 2 , upper panels; forced-choice performance is visualized in Fig. 2 , lower panels; both panels show graphs separately for experts (left side) and for novices (right side).
Experts
Experts individual response times in the priming task ranged from 338 to 431 ms, the individual error rates ranged from 2.6% to 10.9%. There was a significant CONGRUENCY effect on reaction times, mean RT was 387 ms on congruent trials, SEM = 10.3 ms, and 402 ms on incongruent trials, SEM = 10.0 ms, t(8) = 6.4, p < .0005. A similar pattern of results was found for error rates: error rate was with 7.1% significantly higher in incongruent trials than with 4.5% in congruent trials, t(8) = 4.4, p = .001, SEM = 1.1% and 0.9%, respectively.
Forced-choice performance indicated that experts' performance was above chance in all conditions (cf. Fig. 2 , left side of lower panel), with individuals ranging from 57% to 94% correct responses when averaged across all conditions. When the texture was presented for 83 ms, 87.5% of all trials were hits, SEM = 5.2%, t(8) = 7.2, p < .005, while 79.1% hits were found with 66 ms, SEM = 4.3%, t(8) = 7.1, p < .005, and 73.1% with 49 ms stimulus duration, SEM = 4.1%, t(8) = 5.1, p < .001. When no texture was presented, 74.2% of the trials were correct rejections, SEM = 6.8%, t(8) = 3.3, p < .01. Results of Experiment 1 priming task (upper panels) and forced-choice task (lower panels); data are shown separately for experts (left panels) and for novices (right panels). In the upper panels, mean reaction times (symbolized by the lines) and mean error rates (symbolized by the bars) are shown for congruent and incongruent trials, error bars indicate the standard error of the respective mean. Lower panels show the percentage of correct responses for each of the four prime conditions. Note that for the three present conditions, hits are shown, while for the absent condition, correct rejections are shown.
2 Please note that it was not possible to calculate d-prime in Experiment 1, as it would have been necessary to have information on the hit rate and the false alarm rate separately for each of the three presentation time conditions. As all presentation times for signal-present trials were randomly mixed in the same block in the forced-choice procedure, signal-absent trials could not be ''separated'' and assigned to appropriate signal-present trials-thus no information on false alarm rate per presentation time was available.
Novices
For novices, individual response times ranged from 333 to 456 ms in the priming task, individual error rates ranged from 2.3% to 11.3%. Responses in congruent trials were also significantly faster than responses in incongruent trials, mean RT was 400 ms on congruent trials, SEM = 11.2 ms, and 415 ms on incongruent trials, SEM = 12.0 ms, t(12) = 4.69, p = .001 (cf. Fig. 2 , right side of upper panel). Moreover, error rate was with 6.1% significantly higher in incongruent trials than in congruent trials with 3.8%, t(12) = 2.81, p = .01, SEM = 1.1% and 0.7%, respectively.
In the forced-choice task, individual performance ranged from 30% to 71% when averaged across all conditions. Forced-choice performance averaged across all novice participants for each of the single conditions is visualized in the lower part of Fig. 2 (right panel) . Novices' performance was better than chance in the 83 ms duration condition, SEM = 8.5%, t(12) = 2.6, p = .01, with 72.5% hits and when no texture was presented, where 70.1% of the trials were correct rejections, SEM = 9.5%, t(12) = 2.11, p < .05. For the 66 and the 49 ms condition, performance did not differ statistically from chance (61.2% hits, SEM = 7.3%, p > .07, and 41.1% hits, SEM = 9.0%, p > .16, respectively).
Comparison of both groups
Although experts' mean responses were on average with 395 ms (SEM = 12.5 ms) slightly faster than novices' responses (407 ms, SEM = 10.4 ms), overall analyses of responses times on the within-factor CONGRUENCY and the between-factor GROUP revealed only a significant main effect for the factor CONGRUENCY, both when response times were analyzed, F(1, 20) = 44.85, p < .0005, and for the error rates, F(1, 20) = 18.10, p < .0005. Neither the between-factor GROUP nor the interaction with CON-GRUENCY were significant, all p > .35.
Independent t-tests run on forced-choice performance for experts and novices revealed significant differences only for the 66 and the 49 ms condition, t(20) = 2.6, p = .01, and t(20) = 3.3, p < .005, where experts performed with 79% and 73% hits significantly better than novices with 61% and 41% in both conditions. Fig. 3 shows priming effects as the differences between response times and error rates in congruent and incongruent trials for each of the 18 blocks, separately for experts and novices. Priming effects were already observed in the first block of Experiment 1 and differed only slightly for both participant groups.
Discussion
Experiment 1 showed that texture stimuli can influence responses to subsequently presented imperative stimuli. In congruent trials, when the target patch in the texture prime and the imperative stimulus had the same orientation, responses were faster and less error-prone compared to incongruent trials, where prime and imperative stimulus had different orientations. Interestingly, this pattern was found for both groups of participants, that is, for 'experts' in texture segmentation as well as for 'novices' that never performed a texture segmentation experiment before. However, while experts and novices showed similar priming effects for texture stimuli in the priming task, their performance differed when they had to 'overtly' respond to the textures in a forced-choice task. Here, novices were not able to perform better than chance when the textures were presented briefly and subsequently masked, as in the 49 and the 66 ms-condition. Experts, however, had no problems in responding to the textures also under these restricted presentation conditions. Thus, there was a performance difference in texture processing between experts and novices when texture segmentation was measured directly by an overt response to the texture stimulus while there was no performance difference when texture segmentation was measured indirectly by the texture segmentation's influence on subsequent processing of the imperative stimuli.
The fact that novices are not able to overtly respond to textures with short presentation and subsequent masking parallels earlier results with texture segmentation tasks (e.g., Ahissar & Hochstein, 1997; Karni & Sagi, 1991; Schubö , Schlaghecken et al., 2001 ). Nevertheless, we consider the priming effects that were also observed for novices as indicating that novices performed the segmentation spontaneously although they were-unlike the expertsnot able to respond to them in the forced-choice detection task. Congruency effects in the priming task indicated that responses to the imperative stimuli were indeed affected by the preceding textures, an influence that can only be explained by the fact that the textures had been segmented. Interestingly, congruency effects (and thus segmentation) were observed when the textures were presented for the same time interval as in the subsequent forced-choice task where novices could not respond overtly to them. We therefore assume that novices segmented textures automatically; however, maybe the result of the segmentation process was not represented long enough to be encoded into working memory, and thus no overt response could be coupled to it. Alternatively, the segmentation result may have been overwritten by more salient and longer-lasting visual information, as, e.g., the mask (see Schubö, Schlaghecken et al., 2001 ). Although we can only speculate on the fate of the segmented texture, results of the present experiment showed that the outcome of the segmentation process was represented for some time within the processing stream as it could affect processing of the (subsequently presented) imperative, task-relevant stimuli.
However, although the forced-choice procedure showed that naïve participants generally could not respond to the textures in a non-random fashion in the 66 ms condition and in the critical 49 ms condition, one may argue that they nevertheless did notice whether a prime was presented or not, because there were significantly more correct responses than chance when no texture was presented. In fact the no-texture condition may have allowed for a different strategy than the other three conditions: as participants were only required to report whether a texture was present or absent and nothing was presented in the no-texture condition, they may have used both the shorter time interval and the lack of the transient (caused by the prime-mask switch in the texture-present conditions) to decide on prime absence. Hence the prime-absent condition may have been easier than the prime-present conditions. Alternatively, some participants may-although instructed differentlyhave adopted a conservative response criterion in deciding on target presence: they may have pressed the 'target present' key only in cases when they felt absolutely certain, leading to an increased number of target absent responses.
Finally, the forced-choice procedure may not have been particularly suitable for testing prime perception also for another reason. During the experimental blocks, priming effects were taken as evidence in favor of the segmentation of the texture prime. In the forced-choice blocks, however, it was only tested whether participants could decide whether a prime was presented or not, the prime type itself (i.e., that it consisted of a texture with a target patch and the orientation of this patch) did not matter. Participants might have performed this task simply by deciding whether anything had been presented before the mask or not.
Experiment 2: Texture segmentation without overt response
The second experiment intended to replicate the findings of the first experiment with a changed forced-choice procedure. (New) participants that were naïve to the textures segmentation task were investigated. Additionally to the primes in Experiment 1, a neutral prime was used to investigate whether texture priming resulted in facilitation in congruent trials, in interference in incongruent trials, or in both facilitation and interference effects. The neutral prime consisted of a texture that contained a target patch consisting of a single line element only. This neutral prime had no vertical or horizontal extension and could thus not overlap with any of the task-relevant features of the imperative stimulus. Such a condition may be considered a ''control'' condition for priming effects observed for textures containing a horizontally or vertically oriented target patch in congruent and incongruent trials. As the neutral prime does not provide any information on vertical or horizontal orientation, it may neither facilitate nor hinder subsequent responses to the imperative stimuli. In previous studies both facilitation and interference were observed (e.g., Klotz & Neumann, 1999; Verleger et al., 2004) .
Two different forced-choice tasks were run: in a detection task, textures with and without target patches were presented with equal probability and participants had to decide whether a target patch texture or a non-target patch texture was presented. In an identification task, textures always contained a target patch and participants had to identify the orientation of the target patch. Only target patches with vertical and horizontal orientation were tested. To keep participants motivated to try to detect or identify the primes, two presentation times were used in both tasks, namely the same as in the experimental blocks (49 ms) and a longer presentation time (83 ms).
Method
Participants
Ten volunteers (4 male), aged 18-28 years (mean age: 21.6 years) participated in the experiment. All were right-handed, had normal or corrected-to-normal vision and had never taken part in texture segmentation experiments before.
Stimuli, apparatus, and procedure
They were similar to the previous experiment, except that the number of experimental blocks was reduced to 12 and a neutral texture prime was added. The neutral prime was a texture that contained a single line element only that was tilted into the opposite direction as the surrounding context elements, the neutral target patch appeared always at fixation. Thus, there were three types of texture stimuli: so-called neutral primes (containing a target patch that consisted of a single element only), vertical primes and horizontal primes (containing a target patch that consisted of three line elements arranged either vertically or horizontally, cf. Experiment 1 for further details). Congruent, neutral and incongruent trials appeared with equal probability throughout the experiment and were randomly intermixed within blocks. Participants worked through two practice blocks (32 trials each) and 12 experimental blocks (120 trials each), the procedure in the priming task was the same as in Experiment 1.
The forced-choice procedure was changed as follows. Two different types of blocks were presented as a forcedchoice task, namely a detection and an identification block. In the detection block, textures with and without target patches (consisting of patches of three-elements only) were presented with equal probability for 49 ms or for 83 ms and subsequently masked. Participants had to indicate whether they had noticed a target patch in the texture or not by pressing the corresponding response button. In the identification block, textures always contained a target patch (again, only vertical and horizontal target patches were used). Participants were instructed to respond according to the type of target patch and to press the right button in case they had noticed a vertically oriented target patch and the left button when they had noticed a horizontally oriented target patch. Both texture types were equiprobable. One hundred and sixty trials had to be performed in each of the two blocks.
Data analysis
Mean RTs and errors were determined for congruent, neutral and incongruent trials. Univariate ANOVAs were run separately on RTs and error rates with the single factor Congruency (congruent, neutral, and incongruent). Additional paired t-tests were conducted to reveal differences between congruent vs. neutral and neutral vs. incongruent trials.
Forced-choice performance was analyzed separately for the detection and the identification task and for both presentation times. For the detection task, detection accuracy was analyzed for the present and absent conditions and compared to chance level. In the identification task, the numbers of correct and incorrect responses were compared.
Results and discussion
Mean reaction times and mean error rates are shown in Fig. 4 (upper panel) . Mean RT was with 416 ms, SEM = 11.5 ms, on congruent trials significantly shorter than on neutral (423 ms, SEM = 11.4 ms) and on incongruent trials (426 ms, SEM = 12.5 ms), F(2, 18) = 11.17, p = .001. Subsequent paired comparisons revealed significant differences for congruent and neutral responses, t(9) = 3.3, p < .005, but not for neutral and incongruent responses, p > .07. Also the error rate was with 3.8%, SEM = 0.9%, significantly lower in congruent trials than in neutral (3.9%, SEM = 0.7%) and in incongruent trials (5.8%, SEM = 1.4%), F(2, 18) = 4.28, p < .05. Subsequent t-tests showed that error rate did not differ in congruent and neutral responses, p > .35, however, there were significantly less errors in neutral than in incongruent trials, t(9) = 2.2, p < .05.
Priming Effects
Forced-choice performance in the detection task indicated that detection performance averaged across all participants was significantly better than chance only in the 83 ms condition (73.2% hits, SEM = 8.8%, t(9) = 2.6, p = .01, and 68% correct rejections, SEM = 5.9%, t(9) = 3.0, p < .01) but not in the 49 ms condition (55.2% hits, SEM = 3.2%, p > .07, and 56.9% correct rejections, SEM = 7.2%, p > .18, respectively; cf. Fig. 4, lower panel) . The identification task also revealed a significant difference between correct and incorrect responses for the 83 ms condition (69.1% correct responses, SEM = 7.8%, t(9) = 2.4, p < .05) but not for a presentation time of 49 ms (56.7% correct responses, SEM = 4.8%, p > 0.9).
The results replicate the findings of Experiment 1 with a forced-choice procedure testing separately for detection and identification of the texture stimuli. As in the first experiment, texture primes influenced responses to subsequently presented imperative stimuli: in congruent trials, when the target patch in the texture prime and the imperative stimulus had the same orientation, responses were faster and less error-prone compared to neutral trials, where the prime was a single element without an orientation, and to incongruent trials, where prime and imperative stimulus had different orientations. In the subsequent forced-choice conditions, participants were again not able to overtly respond to the textures when they were presented for the same time interval as in the priming task, neither when the target patch in the texture had to be detected nor when the target patch had to be identified.
Adding a neutral texture prime to the priming task generated some form of baseline-condition and thus allowed for a separation of facilitation in congruent trials and interference in incongruent trials. Interestingly, mean RT delivered evidence for facilitation while mean error rate indicated interference. Thus similar to previous studies, both facilitation and interference effects were observed (e.g., Klotz & Neumann, 1999; Verleger et al., 2004) .
General discussion
In the present study, it was investigated whether texture stimuli can be segmented without the outcome of the segmentation being accessible to overt behavior. This consideration was motivated by findings in the perceptual learning literature, where practice and prior stimulus information were found to be necessary to allow participants to segment textures correctly in an experimental setting with briefly presented, masked textures (Ahissar & Hochstein, 1997; Karni & Sagi, 1991) . As texture segmentation is usually regarded as a fast, preattentive, automatic, and spontaneous process, the need for practice or prior stimuli information remains unclear. What exactly happens when observers 'learn' to perform the segmentation task explicitly in such experiments? Recently, it was suggested that participants do segment textures automatically, but have to learn something else instead, namely to access the outcome of the segmentation process and couple an overt response to it Schubö , Schlaghecken et al., 2001 ). The present experiments were run to find empirical evidence that texture segmentation also occurs automatically right from the start in experimental settings.
We used priming effects as indicators for the processing of texture stimuli that were below detection threshold, that is, briefly presented and subsequently masked textures that could only be detected on chance level in a forced-choice detection task. Our experiments showed that textures might indeed function as primes (Experiment 1) and, more importantly, that they were indeed segmented although participants could not overtly respond to them (Experiments 1 and 2). 
The size of the priming effect
Interestingly, the size of the priming effect seemed to be independent of the ability to overtly respond to the textures, as it differed only slightly between experts (15 ms, Experiment 1) and novices (on average 12.5 ms in Experiments 1 and 2). As the priming effects showed, both experts and novices segmented the textures automatically. The difference between them was apparent only in the forcedchoice task and may lie in their different abilities to access the outcome of the segmentation process.
The time course of the priming effect
Further evidence for the automaticity of texture segmentation can be drawn from the following consideration: if textures were also segmented when the outcome of the segmentation process could not be reported, one would expect priming effects to occur whenever a texture stimulus is presented, that is, already at the beginning of an experimental session. Otherwise, one might suspect that the priming effects resulted from some form of sensory adaptation or perceptual learning that may have taken place during the course of the experiment. As Fig. 3 shows, priming effects were already observed in the first block of Experiment 1 for both experts and novices, indicating that they were not the outcome of an adaptation or learning process. This strengthens the case for the automaticity of the segmentation process.
No activation of the corresponding response
As primes were found to sometimes activate motor responses (Dehaene et al., 1998; Eimer & Schlaghecken, 1998; Eimer, Schubö , & Schlaghecken, 2002; Jaskowski, van der Lubbe, Schlotterbeck, & Verleger, 2002; Leuthold & Kopp, 1998; Praamstra & Seiss, 2005) , we wanted to know to what level the texture primes were processed in the present experiments. To investigate whether they would lead to the activation of a motor response, we also recorded the lateralized readiness potential (LRP) 4 which can be regarded as an electrophysiological measure of response activation (Coles, 1989; Eimer, 1998) . If primes had an effect on motor processes, this should be reflected in the LRP waveforms, as a prime-related pre-activation of the incorrect response in incongruent and of the correct response in congruent trials should be seen. Therefore, one would expect differences in the LRP obtained for congruent and incongruent trials. LRPs for novices and experts (both taken from Experiment 1) are shown in Fig. 5 . The time scale (shown on the x-axis) starts with the onset of the texture prime. In both graphs, a positive, downward-going deflection is observed in the LRP waveform that starts 370-400 ms after prime onset. This deflection indicates the activation of the response to the imperative stimulus (presented 130 ms after prime onset). The deflections' onset is slightly earlier for congruent compared to incongruent trials regarding both novices and experts, and thus mirrors the reaction time data. However, no prime-related pre-activation was found, which would be expected earlier in time, namely between 200 and 350 ms after prime onset (shaded area in Fig. 5 ). Within this time window, the LRP obtained for congruent trials did not differ significantly from the LRP obtained for incongruent trials, neither for novices (p > .12, observed power = 0.31 for a = 0.05) nor for experts (p > .2, observed power = 0.23 for a = 0.05), although the graphs illustrated in Fig. 5 may raise this impression. However, although briefly presented and masked texture stimuli did affect behavioral performance (RT and errors), they did not initiate the activation of a motor response. We assume that the degree of processing of the textures is modulated by their response relevance in the task. As in the present experiments segmenting the texture primes was not task-relevant in those trials were participants responded to the imperative stimuli, the texture primes may not have been processed to the level of response activation. That may have been so for both the experts and novices in the present experiments. The difference between both groups, however, manifested in forcedchoice performance, where novices were not able to respond to the texture primes, because-as we suggestthey had not ''learned'' to couple an overt response to them (yet), (cf. Schubö , Schlaghecken et al., 2001 ). This may have been due to a lack in encoding the result of the segmentation process (that was available only for a short time interval) into working memory. Alternatively, one may assume that the segmentation result was overwritten by 4 EEG was recorded with Ag-AgCl electrodes from Fz, Cz, and Pz (according to the 10-20 system) as well as from left and right central scalp sites (C3 0 and C4 0 , located 1 cm in front of C3 and C4, respectively), referenced to the nose. Impedance was kept below 5 kX, amplifier bandpass was 0.10-70 Hz. EEG was sampled on-line with a frequency of 256 Hz. EEG activity was averaged off-line for epochs of 700 ms, starting 100 ms before texture prime onset. Epochs with eye-blinks, eye movements, muscular artifacts or incorrect button-presses were excluded from further analysis. EEG was averaged separately for congruent and incongruent trials. The LRP (only these data are reported here) was calculated according to the double subtraction method, where the C3 0 -C4 0 difference potential for trials with right-hand responses is subtracted from the C3 0 -C4 0 difference potential for trials with left-hand responses. As a result of this procedure, positive deflections in the LRP waveforms indicate the activation of a correct response, whereas negative deflections indicate incorrect response activation. LRP waveforms obtained for congruent and incongruent trials were analyzed within the time interval of 200-350 ms post-texture prime, where prime-related activity is usually observed. Pairwise comparisons between LRP mean amplitudes obtained for congruent and incongruent trials in these time windows were conducted with paired t-tests separately for novices and experts. the more salient and longer-lasting mask (see Schubö , Schlaghecken et al., 2001) . In both cases, novices may need to ''learn'' to establish a stronger representation of the segmentation outcome before they can overtly respond to briefly presented and subsequently masked texture stimuli. Speculating on the kind of signals that could be used for ''learning'', one could assume that temporal filtering of the incoming information stream may be a relevant component. In an earlier paper, we suggested that participants may learn to ignore the mask in order to perform the texture segmentation task with briefly presented and subsequently masked textures . Further research will help to clarify this question.
Numerous studies reported the role of task relevance on priming effects (e.g., Ansorge, Heumann, & Scharlau, 2002; Ansorge & Neumann, 2005; Kunde, Kiesel, & Hoffmann, 2003; Schlaghecken & Eimer, 2004 ) suggesting that currently active task or action sets (e.g., S-R mappings or classifications generated by the task instruction) determine whether primes affect subsequent behavior (e.g., Ansorge & Neumann, 2005; Dehaene et al., 1998; Kunde et al., 2003; Schlaghecken & Eimer, 2004) . Although the texture primes may not have been processed up to the level of response activation in the present experiments, they nevertheless primed responses to the subsequently presented imperative stimuli. This may have been due to the fact that the texture primes contained features that overlapped with the features of the imperative stimuli, namely the orientation of the deviating line elements (being either vertical or horizontal). One could therefore argue that some matching of prime features to task settings may have been necessary for the priming effects to occur also in the present experiments even though the segmentation of the texture prime was not a relevant task. Although one can only speculate on the exact role of task sets in texture primes at this point, we would like to emphasize the automatic nature of texture segmentation: note that the orientation of the target patch in the texture prime was available only after the segmentation process, that is, as its ''outcome''. Texture-induced priming effects on subsequent stimuli may be thus taken as evidence for the automaticity of the segmentation process operating on the texture primes.
